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Entry Phase 
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NASA entry probes have successfully survived entry environments 
ranging from the very mild (Mars Viking ~25 W/cm 2 and 0.05 atm.) 
to the extreme (Galileo ~30,000W/cm 2 and 7 atm.) 



TPS Mass Fraction 
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The TPS mass fraction for an entry probe is a strong function of the 
total integrated heat load (e.g., ~ 50% for Galileo) and the TPS 
material optimal performance characteristics. 

23 August 2004 



Jupiter Missions 
Lessons Learned from Galileo 
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Galileo flight recession data not explained by current physical models 
Uncertainty in coupled environment/ablation physics 


Galileo Probe Heat Shield Ablation: 

The Most Difficult Atmospheric Entry in the Solar System 




TPS Challenges for Future Jupiter Mission 
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Resurrect, update, improve 70s vintage tools 

• Adapt computational techniques developed over past 15 years to 
these new applications 

• Update physical models using ground test data 


Summary - TPS Development Required 
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Advances and improved TPS Sample Return Missions (MSR especially) become 
capabilities will benefit an array prohibitive/demanding with use of existing materials 

of missions (and enable some) > TPS Technology development can (potentially) 

lead to 20%-50% savings in TPS mass fraction. 



Titan Aeroentry 
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Titan Aerocapture Systems Study & 

Cassini/Huygens 
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Ref.: Bernie Laub/Michael Wright 


Ames: A Science and Technology Center for Exploration 
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Descent Systems 
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Parachutes 








Advanced Decelerators 

Inflatable Aeroshells & Ballutes 
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Challenge: Ballutes & Inflatable Heat Shield Extensions 
will be costly to certify for flight 




Long Duration Atmospheric observations 






♦ ♦ ♦ 

□ 


>* 

O) 

0 

2 

CO 

co 

0 

’a) 

O 

o 



o 

0 






CO 

0 

Q. 

O 

0 

> 

c 

0 


o 

o 

"CD 

CD 


co 

E 

0 

CO 

> 

CO 



23 August 2004 


Targets of interest- Venus, Titan and Mars 
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Venus Environment 

PRESSURE, atm 



100 200 300 400 500 600 700 800 
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Venus Exploration 

VEGA Mission, 1985 



VEGA balloon during Earth atmosphere testing 










Mars Environment 
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Mars Scout Balloon Concepts 



Proposed for Mars Scout 2007 




Mars Exploration Pathway- Next Deca 





Titan’s Environment 
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Exploring Titan 
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Planetary Aerobots 

Technology Strategy 

□ Leverage capabilities developed for deep space and planetary 
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Balloon Envelope Technology Development 



Pumpkin balloon prototype (WFF/Raven) Inflation modeling (GSSL/Ozon) 



Survivability at high temperatures 
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♦ Using systems which can survive in the harsh 
environment for extended periods of time 



Increasing science return from probes to 
high temperature environments* 






* Deep Jupiter probe, Venus surface, long 
23 August 2004 duration Venus Atmospheric platform 



Example of Hybrid Solution for Venus Surface Probe 




C/2 

0 > 


© 

© 


C/2 

© 


© 

© 


© 

5Z5 

© 


.© .3 


© 

© 


© 

• PP 

© 

© 

s 


© 

fl 

o 

U 


© 
s 

9n 
© 
43 

Dl| H 
'd 
a « 
2 «<> 
S fi 

pC « 

o >• 

0) d 

H << 

o> 


a 

s 


s 
E 

Oi 

u 

s 

V A 

0X1 Js 

a ® 
«s ft 
-= 
o 

2 43 


a 

© 


© 

g £ 

© « 

T5 

©x 3 

Xfl 

© 

©H 

© 

© 
© 

© 


+ 


Ln 

pfi 

,© 

© 

© 


2 w) H ^ 

h^H 

Cm hC czj *< 


* 


C/2 

© 

• pp 

fl 

O 

u 

© 

^© 

3 

© 

*n 

© 

© 

u 

© 


U 

o 

O 

o 

fN 

l 

© 

OX) 

© 

• pp 

© 

u 

© 

©H 

© 

U 

4» 

£ 

o 


a a 

S I 

0 ) © 

H ^ 

43 

CD 




u 

o 

^s© 

© 

s 

© 

in 

© © 

O 

in .© 

^ ss 

C/2 CZ5 

• pp 

fl © 

o & 
S3 * 

C/2 © 

• pp 

a ft 
o' g 
W a 

A «« 

<a d 

J_S *PN 

13 Cl- 
'S « 
73 e* 


a 

© 

C* 


CZ3 

"© 

© 

© 

© © 
© O 

ox - S 
© .2 
*3 S 

s I 

§ £ 
2 £ 
©H 

© 

© 

75 © 

S * 
© © 

3 2 

©" 

* S 


© 

OX) 

© 

o 

C/2 

© 

£ 

o 

PM 

© 

© 

© 

*P 

© 

©P 

s 

© 

H 

43 

OX) 



M- 

co 


© 

(X) 

3 



© 


© 




© 

CD 

© 



§ 

'+W 

s> 

oo 

CM 







CD 


CO 


CO <D 
— 

w <o 

2 O 

"O 

Q- o 

0 Id 
0 

o c 

0 2 
£ 0 

o 0 


0 

_Q 

O 


0 

> 

■ 

0 

"O 

o 


■ 

_Q 

0 

Q_ 

0 

O 


0 

c 

- 0) 

o 

_o 

■-I— J 


0 

o 


c 

o 

_c 

CL 

o 

X 

0 

0 

>. 

0 

-1— * 

_Q 

c 

0 

O 

Q_ 

■0 

0 

C 

o 

CL 

c 

0 

0 

> 

0 

■0 


< 

X 

0 

0 

c 

! 

0 

0 


D) 

C 

o 

0 ) 

c 

'0 

0 

0 

c 

o 


0 

0 

0 it 


0 


0 •” 
2 "2 


o 

CL 

Q_ 

O 


0 m 

0 0 o 


-Q 

O 

O 


0 It 

0 C 

^ ^ .2 

0 " 0 
_c 0 0 

O- 3 5 > 

o 0 
E> 

To To 

o 52 


0 


0 ) 


r o 
2^ o 


0 

Q_ 

o 


— rn 0 ^ 

-S -2 c 
0 


Q_ C 
0 O 
O 

0 0 ) 


0 

0 

0 


□ 


a) 

-C 0 
I— "0 

□ 


o 

L_ 

CL 


0 M— 

0 O 

_2 "0 

2 c 

0 0 

g- o 

E CL 
0 CD 


. 0 ) 

0 

E 

0 


0 

'q. 


o 

Q- -Q 

X c 
® 0 
2 0 


0 "0 c 
0>-0 ^ 
.E 0 ^ 

t 0 o 

0 c +5 

® (l) <5 

O -Q § 

= 'co 
£ £ ,<o 

m » E 

<D ® 

’o) z> 
oww 
0 /- 

C 2 ” 
_C Q_ 0 

® ■o a 
□ 


lO 

CO 


Acknowledgements: The authors wish to acknowledge 
contributions from Jim Corliss of Langley Research Center 

23 August 2004 and Peter Zell at Ames Research Center 


